I ntroduction: Rehabilitation after surgery repair of flexor tendon injuries of the hand remains challenging and requires experienced professionals and interdisciplinary approaches. Aim: The aim of this study was to evaluate rehabilitation results after surgery repair of flexor tendon injuries in the hand with the early passive mobilization -Kleinert protocol. Patients were included in a rehabilitation program using the Kleinert-early passive mobilization protocol. Functional evaluation was made using the mean improvement on MCP, PIP and DIP joints motion, mean functional arc of motion (FAM) and total active motion (TAM) scoring system of The American Society of Surgery of Hand. The functional outcomes were analyzed by Paired t-test, and One way Analysis of Variance, while the mean TAM score were compared using the Wilcoxon Matched-Pairs Signed-Ranks test with significance set at p<0.05. Results: About 67% of patients with FPL injuries achieved excellent range TAM score, and about 22% of patients with FDS&FDP injuries achieved excellent and 74% good range of total active motion. Conclusions: With earlier performed primary surgical tendon repair followed by Kleinert-early passive mobilization protocol may achieves satisfactory functional results for any flexor tendon injuries in zones I-IV of the hand.
INTRODUCTION
Rehabilitation after surgery repair of flexor tendon injuries in the hand remains challenging and requires experienced professionals as well as interdisciplinary approaches incorporating all health professionals concerned. The surgical tendon repair aims to restore maximum flexor tendon gliding and digital function (1, 2).
Rehabilitation involves multi-disciplinary health care professionals and is provided by hand surgeons, as well as occupational therapists or physiotherapists specialized in hand therapy. Three basic approaches to flexor tendon repair are described in the literature and incorporate: immobilization, early passive mobilization, and early active mobilization (1) . Obviously, the choice between one protocol and another is a matter of assessment of the patient (i.e., compliance, ability to attend therapy regularly), the surgery (strength of suture, factors impairing healing or gliding), and the therapist (experience and skill) (1) .
There are two basic types of early passive mobilization protocols based on the work of Kleinert (3) and on that of Duran and Houser (4) . Each protocol has many variations on these two approaches described in literature. In both approaches, a forearm-based dorsal blocking splint, applied at surgery, blocks the MP joints and wrist in flexion to place the flexor tendons on slack, and the IP joints are left free or allowed to extend to neutral within the splint. Dynamic traction maintains the fingers in flexion to further relax the tendon and prevent inadvertent active flexion. The dynamic traction may be provided by rubber bands, elastic threads, springs, or other devices; the traction is applied to the fingernail either by placing a suture through the nail in surgery or by gluing to the fingernail a dress hook, Velcro, a piece of soft leather or moleskin, or the rubber band itself.
OBJeCTIVeS
The aim of this study is to evaluate rehabilitation results after surgery repair of flexor tendon injuries in the rehabilitation after surgery repair of flexor Tendon Injuries of the hand with Kleinert early Passive mobilization Protocol hand with the early passive mobilization -Kleinert protocol.
MATeRIALS AND MeTHODS
The study was done in the Orthopedic Clinic University Clinical Centre of Kosovo, Department of Physiotherapy and Rehabilitation. It included 35 patients (30 males and 5 females) with flexor tendon injuries in zones I-IV of the hand treated between December 2007 and November 2008. Patients included in the study were aged between 15 and 57 years (mean±SD, 35±12.9 years). All patients had unilateral injuries on right hand without other associated injuries. Patient with associated digital nerve injuries, phalangeal fractures, joint injuries, soft-tissue defects, vascular injuries or extensor tendon injuries were excluded from the study. All patients who met the selection criteria (n=35) were divided in three groups: patient with injury of FPL dig.I (FPL study group, n=15), patient with injury of FDP and FDS dig.I-V (FDP & FDS study group, n=10) and patient with injury of FDP and FDS dig.II (FDP & FDS study group, n=10). The study was designed as retrospective case-series study for evaluation of rehabilitation results after surgery repair of flexor tendon injuries in the hand with the early passive mobilization -Kleinert protocol. Patient's files were reviewed and data from rehabilitation files was collected. Depending on the details of the injury, medical and surgical management, the following parameters were recorded: patients age, sex, diagnosis, forearm circumference, hand circumference, R/C joint (dorsal and palmar flexion, radial and ulnar inclination), flexion and extension in MCP joints PIP joints and DIP joints. In patient with FPL tendon injuries 12 (86.7%) were repaired with adequate tenorrhaphy techniques within 24 hours of the injury. In patients with FDP&FDS tendon injuries 8 (40%) were repaired on the day of the injury. In 15 fingers, only the FPL was repaired, and in 54 fingers repaired of both the FDP and FDS tendons was performed.
All patients were included in a rehabilitation program using the early passive mobilization protocol based on the work of Kleinert (3) . The original protocol used is summarized following.
Early stage (from 0 to 3 weeks) Splint. Immediately post-operatively the patient was placed in dressings and a plaster splint that protects the wrist in 20-30 degrees of flexion with the MP joints flexed. Within the first week (during the first 1-2 days), the patients was fitted with a fiberglass dorsal block splint (DBS) that places the wrist in 20-30 degrees of volar flexion, the MP joints in 50-70 degrees of flexion, and allows for full extension of the IP joints.
The patients were followed in therapy weekly to ensure that the DBS is fitting appropriately and that full IP extension is allowed.
Exercise. The first therapy visit was include a detailed education session to explain the importance of hourly exercise and potential ways of causing tendon rupture. The patients were instructed to not remove the DBS, which removed by the therapist only for refitting of the block, for wound care, and for scar care as needed. Every hour, the patients extends the fingers with 50 repetitions of active IP extension to the limits of the DBS, 5-10 repetitions of isolated passive flexion to the PIP and DIP joints, followed by composite passive flexion to each digit. Edema was reduced by elevation and/or in combination with finger compression.
In the intermediate stage (3-5 weeks), the splint was discontinued depending on the quality of tendon glide and the wrist immobilized in the neutral position between exercise sessions. Isolated tendon gliding and tenodesis wrist exercises were initiated. In the late stage (6-8 weeks), resisted and blocking exercises were begun.
The same author assessed all patients at the basic line (0 th week), 2 nd , 4 th and 6 th weeks. Forearm circumference, hand circumference, R/C joint (dorsal and palmar flexion, radial and ulnar inclination), flexion and extension in MCP joints PIP joints and DIP joints were recorded. Flexion and extension of each joint were measured using a manual goniometry and the flexion and extension deficits were recorded. Data was analyzed using the total active motion (TAM) scoring system of The American Society of Surgery of Hand (ASSH). TAM was defined as the sum of the DIP, PIP and MP flexion minus the sum of the DIP, PIP, and MP extension deficits. For each finger (2-5) TAM is divided by 260 expressed as a percentage. The total active motion (TAM) scores of the American Society for Surgery of the Hand were calculated with followed formula:
Total active motion (TAM) = total active flexion (MCP+PIP+DIP) -total extension deficit (MCP+PIP+DIP).
Where: MCP denotes metacarpophalangeal joint; PIP proximal interphalangeal joint, and DIP distal interphalangeal joint
The ASSH rating of the results was excellent 100%, good 75 to 99%, fair 50 to 74% and poor below 50% (3).
Analysis was performed by using statistical package SPSS-Sigma Stat 2.03 version software. The results were compared with Paired t-test with significance set at p<0.05.
The mean TAM measurements of the basic values, vs. 6 th week were compared using the Wilcoxon MatchedPairs Signed-Ranks test with significance set at p<0.05. The One Way Analysis of Variance was used to compare mean patients age, mean functional arc of motion of particular joint at the basic values, 2 nd week, 4 th week and 6 th week after rehabilitation. Chi-test was used to compare non-parametric data with significance set at p<0.05.
ReSULTS
It included 35 patients (30 males and 5 females) with 69 flexor tendon injuries in all zones of the hand. Table  1 lists characteristics of patients with flexor tendon injuries in all zones of the hand. Patients included in the study were aged between 15 and 57 years (mean±SD, 35±12.9 year). The mean patients age between groups was comparable (F=2.97, p=0.07).
Of 69 injured digits with 135 tendon injuries, 54 (78.3%) digits entailed laceration of both the FDS and FDP tendons, and the remaining 15 (21.7%) involved laceration of the FPL. The significantly most injured digits were digit I (thumb, 25/69, 36.2%) and digit II (index, 20/69, 29%), and less injured was digit V (little digit, 6/69, 8.7%). Table 2 represents outcome of rehabilitation for patients with injuries of FPL. The mean forearm and hand circumference lag was totally normalized after 6 weeks of rehabilitation (p<0.001). Also, the mean dorsal and palmar flexion at the R/C joint was significantly improved after 6 weeks of rehabilitation compare to the baseline values (47±12 vs. 77±12 degree, p<0.001, 57±12 vs. 89±12 degree, p<0.001, respectively).
Also, the mean flexion in the MCP and PIP joint was significantly improved after 6 weeks of rehabilitation compare to the baseline values (47±12 vs. 75±12 degree, p<0.001, 26±14 vs. 100±12 degree, p<0.001, respectively).
The mean functional arc of motion at the MCP and PIP joints at the patients with FPL injuries was significantly improved after 6 weeks of rehabilitation compare to the baseline values (42±14 vs. 75±8 degree, p<0.001; 22±14 vs. 102±13 degree, p<0.001, respectively)(Diagram 1).
The functional outcomes of patients with FDS&FDP Digit I-V tendon injuries are summarized in Table 3 . The mean forearm and hand circumference lag was totally normalized after 6 weeks of rehabilitation (p<0.001). The mean dorsal flexion at the R/C joint was significantly improved after 6 weeks of rehabilitation compare to the baseline values (60±5 vs. 65±5 degree, p=0.04) and improvement was not statistically significant for palmar flexion (72±5 vs. 75±5 degree, p=0.2).
There was a significant improvement after 6 weeks of rehabilitation in mean flexion at the MCP, PIP and DIP joints for all injured digits.
The mean functional arc of motion at the MCP, PIP and DIP joints for all digits at the patients with FDS&FDP Dig I-V injuries was significantly improved after 6 weeks of rehabilitation compare to the baseline values (46±15 vs. 71±14 degree, p=0.02; 55±11 vs. 95±13 degree, p<0.001; 35±3 vs. 62±2 degree, p<0.001, respectively) (Diagram 2).
The functional outcomes of patients with FDS&FDP Digit II tendon injuries are summarized in Table 4 . The mean forearm and hand circumference lag was totally normalized after 6 weeks There was a significant improvement after 6 weeks of rehabilitation in mean flexion at the MCP, PIP and DIP joints at digit II.
The mean functional arc of motion at the MCP, PIP and DIP joints at the patients with FDS&FDP Dig II injuries was significantly improved after 6 weeks of rehabilitation compare to the baseline values (37±8 vs. 74±5 degree, p<0.001; 45±8 vs. 100±8 degree, p<0.001; 29±6 vs. 62±2 degree, p<0.001, respectively) (Diagram 3).
The range of motion of 5 (33.3%) of the digits was good and 10 (66.67%) was excellent for patients with FPL injured according to total active motion (TAM) score of the American Society for Surgery of the Hand. There was a significant improvement after 6 weeks of rehabilitation in TAM score for FPL injured tendons (p<0.001) ( Table 5 ).
The range of motion of 27 (67.5%) of the total digits was good and 11 (27.5%) was excellent for patients with FDS&FDP Dig I-V injured according to TAM score. There was a significant improvement after 6 weeks of rehabilitation in TAM score for FDS&FDP Dig I-V injured tendons (p=0.002) ( Table 6 ).
The range of motion of 10 (100%) of the digits was good for patients with FDS&FDP Dig II injured according to TAM score. There was a significant improvement after 6 weeks of rehabilitation in TAM score for FDS&FDP Dig II injured tendons (p=0.002) ( Table 7) .
DISCUSSION
The rehabilitation of patients with flexor tendon injuries can be achieved with immobilization, early passive mobilization, or early active mobilization. Repair of flexor tendon injuries in the hand and outcomes of rehabilitation remains challenging and requires experienced professionals as well as interdisciplinary approaches. The choice between one protocol and another is a matter of assessment of the patient compliance, ability to attend therapy regularly, strength of suture, factors impairing healing or gliding, and therapist experience and skill (1) .
Some of the previous studies reported that remarkable rehabilitation outcomes are usually obtained with the Kleinert's protocol and active extension-passive flexion mobilization (5). 
